Plasma high-densitjj lipoprotein (HDL) consists of a number of structurally and functionally distinet subspecies. Flotation procedures permit the separation of HDL, and HDL, (density ranges 1.063-1.125 and 1.125-1.21 g/ml, respectively), whilst apolipoprotein (apo) E-rich and apo E-poor subfractions have been obtained by heparin-Sepharose affinity chromatography (Weisgraber & Mahley, 1980). Although HDL has been resolved into five subfractions by gradient gel electrophoresis (Blanche et a/., 1981) and by gel filtration (Clifton et a/., 1987), methods for the physical isolation of these subfractions have not been reported. This communication describes the separation and characterization of subfractions of HDL, by cation exchange on an affinity column.
Plasma high-densitjj lipoprotein (HDL) consists of a number of structurally and functionally distinet subspecies. Flotation procedures permit the separation of HDL, and HDL, (density ranges 1.063-1.125 and 1.125-1.21 g/ml, respectively), whilst apolipoprotein (apo) E-rich and apo E-poor subfractions have been obtained by heparin-Sepharose affinity chromatography (Weisgraber & Mahley, 1980) . Although HDL has been resolved into five subfractions by gradient gel electrophoresis (Blanche et a/., 1981) and by gel filtration (Clifton et a/., 1987) , methods for the physical isolation of these subfractions have not been reported. This communication describes the separation and characterization of subfractions of HDL, by cation exchange on an affinity column.
HDL was separated from the plasma of normal, healthy male subjects by ultracentrifugatiron (40 h at 10.5 000 g) at density I .2 1 g/ml after the removal of very-low-density and low-density lipoproteins by centrifugation for 18 h at density 1.063 g/ml. The HDL was applied to a 1 c m x 12.5 cm column containing heparin-Sepharose (Griffin et a/., 19880) in 5 mM-Tris/HCI, 50 mM-NaCl, 25 mM-MnCI,, pH 7.4, and the non-bound fraction I was eluted with this buffer. The bound HDL species were eluted by stepwise addition of (1) MnCI,, 12.5 mM-MgCl,, (3) 50 mM-NaC1, 6.2 mM-MnCI,, 18.6 mM-MgCI,, (4) 100 mM-NaCI, ( 5 ) 600 mM-NaC1 (all solutions also contained 5 mM-Tris/HCI, pH 7.4) to produce fractions 11-VI, respectively. Fractions were examined by gradient polyacrylamide electrophoresis (Griffin et a/., 1 9 8 8~) and their apolipoprotein compositions were determined from gel scans after SDS electrophoresis.
75 mM-NaCI, 25 mM-MnCI,, (2) 50 mM-NaC1, 12.5 mMAbbreviations used: HDL. high-density lipoprotein; apo, apolipoprotein.
Gradient gel electrophoresis showed that the non-bound fraction I contained most of the HDL, components, with the remainder, along with HDL,;, ( R , 0.627-0.7 1 I , mean particle diameter 9.16 nm), eluting in fraction 11. Each of the fractions Ill, 1V and V appeared as a single band within the R, range of HDL,, (0.445-0.627), as described by Blanche et a/. (1981) , with mean R, values of 0.54, 0.53 and 0.51, respectively. Differences in the distance migrated by the material in the three fractions were substantiated by comparison with a standard HDL sample and was observed in three separate experiments in different subjects. The HDL contained in these three fractions showed distinctive differences in their apolipoprotein composition, particularly with respect to the proportions of apo A-I, apo A-11, apo C-I/apo C-I1 and apo C-Ill. Fraction VI contained small amounts of low-density lipoprotein and Lp (a), an additional lipoprotein species which is rich in cholesterol, that were present as contaminants in the isolated HDL as previously reported (Weisgraber & Mahley, 1980 ). These studies demonstrate that the fraction of HDL designated as HDL,, (Blanche el al., 1981) is heterogeneous and may be separated into three components of different particle size and apolipoprotein composition by means of affinity chromatography using a judicious choice of eluting solvents. HDL, is known to be formed through lipolysis of triglyceride-rich lipoproteins in which surplus surface material, including cholesterol and apolipoproteins, are transferred to the smaller HDL, particles (Patsch eta/., 1978) , as well as by lipid and apoprotein exchange processes with other lipoproteins (Eisenberg, 1984) and by reverse cholesterol transport in which excess cholesterol is removed from peripheral tissues in association with specific apoproteins for hepatic excretion (Roheim, 1986) . Although the precise role of H D b , and its subfractions in the metabolism of lipoproteins is not known, it is notable that subjects with high coronary risk have significantly lower plasma concentrations of HDL, than matched control subjects (Griffin et d, 1988u) , whilst physical exercise, which is associated with a decrease in coronary liability, leads to an increase in the concentration of A volume of 3.2 ml of HDL, isolated from 25 ml of plasma, was applied to the column in 5 mM-Tris, 50 mM-NaC1, 25 mM-MnCI,, pH 7.4, and eluted by stepwise addition of buffers (1)- (5) 
NI., 1977). However, hepatic gluconeogenesis is augmented
in the diabetic condition and may remain high even in the presence of a severe circulatory ketoacidosis. To investigate this paradox we have used 3'P n.m.r. spectroscopy iri vivo to study changes in hepatic intracellular pH (pH,) at various degrees of diabetic ketoacidosis (DKA) using the streptozotocin (STZ) diabetic rat model and compared this with NH,CI-and HCI-induced acidoses. Thc results were used to interpret a complementary study on the susceptibility of gluconeogenesis from lactate to acidosis in the perfused diabetic rat liver.
Male Wistar rats of 150-230 g were used throughout. DKA was induced by a single intravenous injection of STZ (100 mg/kg in 0.01 M-citrate buffer, pH 4) and food was withdrawn for 48 h before liver perfusion or n.m.r. observations. Another group of rats were given 1.87 M-NH,CI (4-12 ml/kg), intragastrically up to 6 h before spectroscopy. A final group were given 2-6 ml of 0.3 M-HCI intravenously over a period of 2 h before n.m.r. analysis.
N.m.r. studies it1 vivo
DKA was confirmed by glucose and ketone body (hydroxybutyrate and acetoacetate) analysis of a mixed venous blood sample. Plasma pH and p C 0 , were also determined. All rats including untreated controls were anaesthetized with 'Inactin' before n.m.r. spectroscopy using either a Bruker WM200 or AM360 spectrometer operating at 81 and 145 M H z for phosphorus, respectively. Hepatic n.m.r. measurements were made using a surface coil placed on the surgically exposed liver or on the abdomen directly over the assumed position of the liver. In these latter experiments liver spectra were localized by varying the pulse width until the phosphocreatine resonance was minimal. Although these spectra did also contain resonances from underlying muscle and skin, it was shown that almost the entire Pi resonance was hepatic in origin. All pHi measurements were determined from the pH-sensitive chemical shift of this P, peak.
Abbreviations used: DKA, diabetic ketoacidosis; STZ, streptozotocin; pH,, intracellular pH, pH,, extracellular pH.
I'etjirsiori stir dies
An erythrocyte-containing perfusate was used (Cohen ef NI., 1973) and uncompensated metabolic acidosis (pH 6.8)
was simulated by lowcring the bicarbonate concentration at a fixed pCOz. Ratcs of hepatic lactate removal and glucose relcase from 5 mmol/l lactate were calculated from arteriovenous sampling whilst perfusing in a non-recirculatory mode. Perfusate samples (2 ml) were extracted in perchloric acid, and lactate and glucose concentrations were determined by the normal spectrophotometric assays. N.m.r.-derived hepatic pH, measurements in vivo showed that acidaemia to an extracellular pH (pH,) of 7.05, regardless of the source (mineral or organically induced), resulted in little or no change in pH,, which was maintained at 7.24 (s.E.M. k 0.015, I I = 18). This resistive capacity of the liver to gross changes in pH, has also been noted by Lloyd el ul.
(1973) in the perfused rat liver and Pollock (1984) in cultured hepatocytes, both studies using the weak acid pHi indicator, 5,5-dimethyloxazolidine-2,4-dione. In pancreatectomized dogs, Arieff et ul. ( 1980) also found no differences in hepatic pHi between the pathological and normal state, but these animals were not ketoacidotic. In the present study, differences between the three experimentally induced acidoses were evident only at plHc values below 7.0.
At these lower values of pH,, pHi in both the NH,CI and HCI series fell away sharply reaching values below 6.85 at pH, 6.85. However, in the severely ketoacidotic rats ([acetoacetate + hydroxybutyrate] > 10 mmol/l) pHi was relatively well maintained between 7.00 and 7.18 at pH, values below 7.0.
In the perfusion studies, the results confirmed previous findings that gluconeogenesis from lactate in non-diabetic livers is highly susceptible to perfusate acidification: lowering the pH from 7.4 to 6.8 caused an almost equal inhibition (40%) of both lactate removal ( I J < 0.00 1 ) and glucose output (P<0.005). In contrast, livers from DKA rats showed rates of lactate removal and glucose output which were 42% ( P < 0.02) and 72% (I>< 0.001) greater, respectively, than in controls at pH 7.4 and only slightly lowered at pH 6.8, an observation which failed to reach statistical significance. Thus in this diabetic model gluconeogenesis from lactate is unaffected by severe acidosis.
It is suggested that the increased buffering capacity of the diabetic liver in severe ketoacidosis is one factor contributing to the resistance of gluconeogenesis seen in this condition in the presence of an unfavourable acidic environment.
